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A B S T R A C T
Background: The extended latissimus dorsi (ELD) flap can provide
adequate volume for breast reconstruction without an implant. The
aim of this study was to identify a simple method to estimate pre-
operatively if the ELD flap would provide enough volume for breast
reconstruction and good cosmetic outcome. The proposed model
was based on correlating the preoperative body mass index (BMI)
and breast cup size.
Methods: This retrospective cohort study included 64 patients who
underwent immediate breast reconstruction with ELD at the Na-
tional Cancer Institute, Cairo University, between January 2014 and
January 2016. Preoperative breast cup size and patients’ BMI were
recorded. The primary end point was cosmetic outcome score as-
sessed by three independent breast surgeons and the patients.
Correlation analysis was performed between the preoperative factors
and final cosmetic outcome.
Results: Sixty-four patients underwent immediate reconstruction fol-
lowing skin-sparing mastectomy. BMI range was 23–38 kg/m2 with
a median of 28. All patients with cup size A had aesthetically
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pleasing results. As the breast cup size increased, the favorable
cosmetic outcomes were noted with lower BMI. All patients with
BMI higher than 33 had unfavorable results.
Conclusion: Favorable cosmetic outcomes are expected after ELD re-
construction in patients with cup size A regardless of the BMI. As
the breast cup size increases, favorable cosmetic outcomes are ex-
pected in patients with lower BMI than in those with higher BMI.
At a BMI of 34, no favorable cosmetic outcomes are expected. The
prediction model will be validated in a prospective study.
© 2017 The Author(s). Published by Elsevier Ltd on behalf of
British Association of Plastic, Reconstructive and Aesthetic
Surgeons. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Immediate breast reconstruction following mastectomy improves the patient’s quality of life and
psychological well-being.1 Skin- and nipple-sparing mastectomies are associated with superior aes-
thetic results and increased patient satisfaction2.3 Breast reconstruction with autologous tissue leads
to a higher degree of patient satisfaction than implant-based reconstruction4.5
A common method of autologous reconstruction is the pedicled latissimus dorsi flap. It is a ver-
satile flap with reliable blood supply and small rate of complications6.7 When the latissimus muscle
alone is insufficient to provide adequate volume, it is combined with an implant. The many risks as-
sociated with breast implants include capsular contracture, infection, migration, and implant loss89.10
To avoid implants and associated complications, the extended latissimus dorsi (ELD) flap is used.
This was first described by Hokin in 1983 and included addition of fat from the lumbar region to the
flap.11 Several modifications have been described for the ELD to help increase its volume121314.15
In low- andmiddle-income countries, such as Egypt, the ELD remains the main workhorse for breast
reconstruction as a cheaper but viable alternative to costly implants and acellular dermal matrices
(ADMs).
It is important for the surgeon planning for breast reconstruction to be able to predict the cos-
metic outcomes with different methods.
To the best of our knowledge, few studies have addressed the question of preoperative prediction
of cosmetic outcomes associated with the ELD.
The aim of this study was to determine if preoperative BMI and preoperative bra cup size were
predictors of cosmetic outcomes following immediate ELD breast reconstruction.
Methods
This was a retrospective cohort study that included 64 female breast cancer patients who under-
went skin- or nipple-sparing mastectomy with immediate reconstruction using ELD flap at the National
Cancer Institute, Cairo University (Egypt), between January 2014 and January 2016.
The BMI was calculated preoperatively by dividing the body weight in kilograms by the square of
the height in meters. The breast cup size information was obtained from the patients.
All patients had given a written informed consent after explaining the procedure to be done.
All patients had skin- or nipple-sparing mastectomy and immediate reconstruction with ELD.
Medical photography was obtained preoperatively, immediately postoperatively, and again after
2 months.
At 2 months post-operatively, the cosmetic outcome was assessed using the photographs by three
different breast surgeons independently, and a score was given according to the Harris scale.16 Sim-
ilarly, the patients were asked to give a similar score independently. A mean score was calculated for
each case. The scores were obtained before the patient underwent adjuvant radiotherapy.
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Statistical methods
Data management and analysis were performed using Statistical Package for Social Sciences (SPSS)
vs. 23.
Numerical data were explored for normality using Kolmogrov-Smirnov test and Shapiro-Wilk test.
Exploration of data revealed that the collected values were not normally distributed. Comparisons
between the two groups were done by Mann-Whitney test. All p-values are two-sided. P-val-
ues < 0.05 were considered significant.
Harris scale included the following scoring points:
1. Excellent: Treated breast nearly identical to untreated breast
2. Good: Treated breast slightly different than untreated
3. Fair: Treated breast clearly different from untreated but not seriously distorted
4. Poor: Treated breast seriously distorted
Results
Sixty-four patients underwent immediate breast reconstruction with ELD flap at the National Cancer
Institute, Cairo University, between January 2014 and January 2016.
The median patient age was 47 years (range 32–56).
Thirty-three patients underwent skin-sparing mastectomy, while 31 had nipple-sparing mastec-
tomy. Patient’s data for both procedures are listed in Table 1. The mean operating time was 4.6 h, and
the mean hospital stay was 3.4 days.
The median patient BMI was 28 kg/m2 (range 23–38). The patient breast cup sizes included size A
(5 patients), size B (30 patients), size C (18 patients), and size D (11 patients). Table 2.
The mean cosmetic outcome scores for each cup size are shown in Table 3.
Scores of 1 and 2 were grouped and labeled as “favorable,” while scores of 3 and 4 were labeled
“unfavorable” for ease of statistical analysis.
Preoperative breast cup size A was associated with the highest percentage of favorable cosmetic
outcomes scores (100%). The favorable scores were 72% with breast cup C, 67% with cup B, and 36%
with cup D.
Table 1
Characteristics of the patients.
SSM NSM
(n = 33) (n = 31)
Mean age 50 (36–56) 44 (32–52)
Incision Periareolar 33 Periareolar 16
Inferolateral 10
Lateral radial 5
Mean BMI 31 (25–38) 27 (23–33)
Cup size
A 1 4
B 10 20
C 12 6
D 10 1
Table 2
Breast cup sizes of the patients.
Cup A Cup B Cup C Cup D
Number of patients 5 30 18 11
BMI range and median 23–28 (24) 23–34 (27) 26–35 (31) 31–38 (34)
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With breast cup size A, the BMI did not affect the cosmetic outcome score. All the patients had
favorable scores. Figure 1.
However, with breast cup size B, favorable scores were observed when the BMI ranged between
27 and 31. Similarly, favorable scores were observed with breast cup size C at a BMI of 29–32 and with
cup size D at BMI of 31–33. Figures 2 and 3.
At a BMI higher than 33, regardless of the cup size, unfavorable scores were observed. Figure 4.
There was a significant differences in the BMI between favorable and unfavorable cosmetic outcome
scores in patients with preoperative breast cup size C, p-value = 0.019. Table 4.
Complications
The most common complication encountered was donor site seroma, which occurred in 43 pa-
tients (67%) and was treated with repeated aspirations. Donor site superficial wound infection occurred
in 6 patients (9.3%) and was treated conservatively with antibiotics. Donor site wound necrosis oc-
curred in 4 patients (6.25%). All had a BMI more than 33. All were taken back to theatre for debridement
and closure. Four patients who underwent nipple-sparing mastectomy (6.25%) had NAC necrosis, but
Table 3
Mean cosmetic score for each cup size.
Cup A Cup B Cup C Cup D
Mean score 1 4 6 5 2
2 1 14 8 2
3 0 9 4 2
4 0 1 1 5
Figure 1. Favorable outcome in a patient with BMI 27 and cup A.
Figure 2. Favorable outcome in a patient with BMI 28 and cup B.
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none required re-operation. There were no mastectomy flap necrosis or ELD flap loss. No patient had
fat necrosis.
Discussion
The ELD is one of the most common methods for immediate breast reconstruction. It is a large ver-
satile flap that can be molded under the breast skin envelope to replace excised breast tissue, making
it suitable for the reconstruction of ptotic and non-ptotic breasts.
It is the most widely used method for autologous breast reconstruction in our institute.
In addition to its economic feasibility in low- and middle-income countries compared to implants
and ADMs, it can provide the necessary volume to achieve symmetry in patients with large breasts.
According to data from the World Health Organization, the mean BMI of Egyptian females is 30,
with 76% of the population overweight and 48% obese.17 The patients in this study had a mean BMI
of 29. The presence of additional fat increases the muscle volume and makes our patients good can-
didates for ELD reconstruction. The increase in the volume from the additional dorsal fat improves
the appearance and natural feel of the reconstructed breast.
Figure 3. Favorable outcome in a patient with BMI 32 and cup C.
Figure 4. Unfavorable outcome in a patient with BMI 35 and cup D.
Table 4
BMI and cup size correlation to cosmetic score.
Mean evaluation P-value
Favorable score (1–2) Unfavorable score (3–4)
n Mean BMI SD n Mean BMI SD
Cup A 5 25.3 2.2
Cup B 20 27.5 1.6 10 27.4 3.2 0.328
Cup C 13 29.3 2.9 5 33.4 1.2 0.019
Cup D 4 33.3 3.2 7 36.1 5.1
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The ELD reconstruction avoids the complications associated with implants and ADMs and de-
creases the rate of secondary and revision surgery. In a study by Tarantino et al, half of the 68 patients
that underwent immediate breast reconstruction by using a latissimus flap combined with an implant
had to undergo another operation to change or remove the implant.18
Most of the patients in our population do not want to have more than one surgical procedure and
would rather prefer to have one operation with the best possible cosmetic outcomes. This renders
the ELD option a more attractive method of reconstruction for the population of our study.
In this study, we aimed to identify a simple method to predict preoperatively if the ELD muscle
flap can provide enough volume for total breast reconstruction following skin- or nipple-sparing mas-
tectomy. The prediction method is based on the correlation between the BMI and breast cup size.
We acknowledge that the Breast Q questionnaire is now the standard tool for evaluating results
after breast reconstruction.19 However, we chose to use the simpler Harris scale in our study as it was
more suitable for our study population. We provided a simplified translated version of the Harris scale
whenever patients could not understand English.
Cup size A was associated with good cosmetic outcomes regardless of the BMI. As the breast cup
size increased, good cosmetic outcomes were obtained with a smaller BMI.
The ELD is a suitable method of reconstruction for patients with breast cup size A. It can also be
used with good cosmetic outcomes in patients with larger breast cup sizes. However, the cosmetic
outcomes are inversely proportional to the patient’s BMI. The higher the BMI, the less favorable the
cosmetic outcomes are expected to be.
No favorable cosmetic outcomes were observed in patients with BMI higher than 33 regardless of
the breast cup size.
This simple method of preoperative prediction can help improving the selection of patients who
would be expected to achieve favorable cosmetic outcomes with totally autologous method after im-
mediate breast reconstruction.
To the best of our knowledge, this is one of the first studies looking at such a prediction method.
Few other studies have tried to preoperatively estimate the adequacy of the autologous latissi-
mus dorsi flap for immediate breast reconstruction.
Fujiwara et al proposed a specific formula that can be used by surgeons to predict preoperatively
if the latissimus flap will be adequate alone for breast reconstruction.20 FW (g) = 13.50 * BMI (kg/m2)
+ 1.67 *SPA (cm2) -163.26. FW: Flap weight, BMI: Body mass index, SPA: Skin paddle area.
They suggested that if the flap volume is estimated to be inadequate, a larger skin paddle is needed
if possible, otherwise another reconstructive option should be used. However, their study was con-
ducted only on women with small-sized breasts, and the mean BMI was 21.
Lee et al compared the intraoperative weight of the LD flap to the mastectomyweight.21 Their results
showed that a ratio of 70% or higher was a significant indicator of favorable aesthetic results.
Tomita et al evaluated the factors affecting cosmetic outcomes after LD reconstruction following
skin-sparing mastectomy.22 BMI and breast cup size were analyzed among other factors. However, each
factor was analyzed separately. Factors associated with favorable outcomes included small breast cup
size, mainly size A. BMI did not have an effect on the aesthetic outcomes. However, this may have been
due to the fact that 47 out of 53 patients had a BMI below 25.
We recognize the limitations in our study, mainly the small number of patients and the fact that
it is a retrospective cohort study. This can affect the statistical significance of the results.
The breast cup size information was obtained from the patients. This is a significant limitation
to our study as patients are known not to be accurate about their bra cup size.23 In our planned
prospective study, we will be measuring the patient’s cup size independently in the clinic prior to
surgery.
Similarly, the photographs we obtained in the study were not standardized. This limits the inter-
pretation of our results. We plan to obtain standard photos in our prospective study.
Another limitation is the short duration of follow-up for analyzing the results. Because most of our
patients received postoperative radiation, we did not analyze the initial results after radiotherapy to
avoid its confounding effect on the aesthetic results in those patients.
We continue to follow our patients for oncologic and cosmetic outcomes as time progresses.
The latissimus dorsi flap atrophies with time, and radiotherapy and other factors can change the
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cosmetic outcome in the future. The effects of radiation therapy on the cosmetic outcome of imme-
diate breast reconstruction will be the subject of a further prospective study.
In our study, we did not include the mastectomy weight among the predicting factors. Despite its
importance, it is not a preoperative parameter. Our main focus was to create a simple preoperative
prediction model for the final cosmetic outcomes.
A prospective trial is needed to validate this prediction model. Once validated, it could be of as-
sistance to patients and surgeons by providing an objective way for planning the most suitable method
for breast reconstruction in each individual patient.
Conclusion
The ELD is a reliable method for immediate breast reconstruction following skin- and nipple-
sparing mastectomy.
This study aimed to establish a preoperative prediction model for cosmetic outcomes depending
on the patients’ BMI and breast cup size.
Favorable cosmetic outcomes are expected to be obtained in patients with breast cup size A re-
gardless of the BMI. As the breast cup size increases, favorable cosmetic outcomes are expected in
patients with lower BMI than in those with higher BMI. At a BMI of 34, no favorable cosmetic out-
comes can be expected.
Prospectively conducted trials are needed to validate this prediction model.
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